Experimental Procedure

Materials
For polymer synthesis and characterization, commercially available amines, diacrylates, triacrylate trimethylolpropane triacrylate (TMPTA) and end-capping amines were purchased from Sigma-Aldrich, VWR and TCI. Lithium bromide (LiBr) for GPC measurements was purchased from Sigma-Aldrich. Solvents dimethyl sulfoxide (DMSO), dimethylformamide (DMF) and diethyl ether were purchased from Fisher Scientific. Deuterated chloroform (CDCl3) was purchased from Sigma-Aldrich. Sodium acetate (pH 5.2±0.1, 3 M) was purchased from Aldrich and diluted to 0.025 M prior to use. For polyplex characterization, Picogreen was purchased from Life Technologies, Cy3 DNA labelling kit was purchased from Mirus and used as per protocol provided by the manufacturer. For cell culture and gene transfection, cell culture media, trypsin-EDTA, fetal bovine serum (FBS) and Hank's balanced salt solution (HBSS) were purchased from Sigma-Aldrich and Life Technologies. The following commercial transfection reagents were used after optimization according to the manufacturers' protocols: branched polyethyleneimine (PEI, Mw=25 kDa), was purchased from Sigma-Aldrich, SuperFect was purchased from Qiagen and Lipofectamine 2000 was ordered from Life Technologies. Cell secreted Gaussia Princeps luciferase plasmid (pCMV-GLuc) and Green Fluorescent Protein plasmid (pCMV-GFP) were obtained from New England Biolabs UK, and its expansion, isolation and purification were performed using the Giga-Prep (Qiagen) kits as per protocol. BioLuxTM Gaussia luciferase Assay Kit (New England Biolabs) and Alamarblue® (Invitrogen) were used according to protocols. 4',6-diamidino-2-phenylindole (DAPI) was purchased from Life Technologies. The intercalating agent, propidium iodide purchased from Life Technologies was used to exclude dead cells from flow cytometry analysis. For western blot studies, paraformaldehyde, triton-x 100 Tween-20, Tris base, glycine, sodium dodecyl sulfate (SDS), Tris buffered saline (TBS) and bovine serum albumin (BSA) were purchased from Sigma. The C7 rabbit polyclonal antibody was purchased from Calbiochem. Secondary anti-rabbit HRP antibody was ordered from Abcam. For animal study, isoflurane, fibrinogen, thrombin, histoclear, horse serum, involucrin, methanol, ethanol, haematoxylin, H2O2 solution, phosphate buffered saline (PBS), acetone, trasylol, goat anti-human LH7.2 monoclonal antibody, L-glutamin, sodium pyruvate and growth factors including insulin, hydrocortisone, cholera toxin, triodothyronine and EGF were purchased from Sigma-Aldrich. Adenine was purchased from MPbio. All reagents were used according to the manufacturers' protocols.
Cell culture
The human-derived renal proximal tubular cell line HKC8, American green monkey kidney fibroblastlike cell line COS7, the Swiss albino mouse embryo tissue cell line 3T3, human cervical cancer cell line HeLa, rat adipose-derived stem cells rADSC and Neu7 astrocytes were cultured in Dulbecco's modified Eagle Medium (DMEM) containing 10% FBS and 1% Penicillin/Streptomycin (P/S). The SHSY-5Y neuroblastoma and primary astrocytes were cultured in 50% DMEM / 50% F12 Ham media containing 10% FBS and 1% P/S. The normal human keratinocytes NHK and the recessive dystrophic epidermolysis bullosa keratinocytes RDEBK were cultured in keratinocyte growth medium 2 (c-20011 pROMOCELL) with 1% P/S. The hepatocellular carcinoma cell line HepG2 was cultured in RPMI 1640 media containing 10% FBS and 1% P/S. Human adipose derived mesenchymal stem cells hADSC were maintained in MesenPRO RSTM medium containing basal medium, growth supplement and 1% P/S. All cells were cultured at 37 o C, 5% CO2, in a humid incubator under standard cell culture techniques. and (C) LPAE/DNA or HPAE/DNA polyplex cellular uptake efficiency and normalized Cy3 fluorescence intensity quantified by flow cytometry. The percentages of Cy3 positive cells after incubation with the highly branched S4-TMPTA-BE-MPA/DNA polyplexes (92.8% ± 1.28%) and S4-TMPTA-BGDA-MPA/DNA polyplexes (95.34% ± 0.71%) were much higher than that of the corresponding linear S4-BE-MPA/DNA polyplexes (48.60% ± 5.86%) and S4-BGDA-MPA/DNA polyplexes (57.48% ± 1.62%). The corresponding Cy3 fluorescence intensity of cells treated with the highly branched S4-TMPTA-BE-MPA/DNA polyplexes and S4-TMPTA-BGDA-MPA/DNA polyplexes was also much stronger than that of the cells treated with the linear S4-BE-MPA/DNA and S4-BGDA-MPA/DNA counterparts. Although of similar percentages of Cy3 positive cells, the fluorescence intensity of cells treated with the highly branched S4-TMPTA-B4-DATA/DNA and S4-TMPTA-B4-E7/DNA polyplexes was higher than those treated with the linear S4 -B4-DATA/DNA and S4 -B4-E7/DNA counterparts. 
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fig. S21
. HPAE 1 H NMR and corresponding 13 C NMR spectrums. Functional groups were assigned to the corresponding signal peaks on the spectums, respectively: 1 H NMR: 0.8 (bs, CH3CH2-), 1.3-1.7 (m, CH3CH2-, -C(CH3)2-, -NHCH2CH2CH2N-and -NCH2(CH2)2CH2OH), 2.3-2.6 (m, -NCH2CH2COO-, -COCH2CH2N-, -NHCH2CH2CH2N-, -COCH2CH2NH-and -NHCH2CH2CH2N(CH2)2), 2.7-2.9 (m, -NCH2(CH2)2CH2OH and -NHCH2CH2COO-), 3.2-3.9 (m, -NCH2COO-, -NCH2CH2O-and -NCH2(CH2)2CH2OH), 4.0-4.5 (m, -O(CH2)2O-, -COOCH2C-and -NCH2CH2COO-), 6.8 : 7.4, 22.9, 24.7, 31.0, 31.4, 31.9, 33.6, 40.7, 41.7, 44.4, 48.8, 52.8, 53.7, 54.0, 62.4, 63.7, 65.8, 67.3, 69.2, 69.9, 70.3 113.9, 127.7, 143.6, 156.5, 172.0. Measurement conditions: 1 H NMR, CDCl3, 500 MHz; 13 C NMR, CDCl3, 150 MHz. fig. S22 . LPAE 1 H NMR and corresponding 13 C NMR spectrums. Functional groups were assigned to the corresponding signal peaks on the spectrums, respectively: 1 H NMR: 1.5-1.7 (m, -C(CH3)2-, -NHCH2CH2CH2N-and -NCH2(CH2)2CH2OH), 2.3-2.6 (m, -COCH2CH2N-, -NHCH2CH2CH2N-, -COCH2CH2NH-and -NHCH2CH2CH2N(CH2)2), 2.7-2.9 (m, -NCH2(CH2)2CH2OH and -NHCH2CH2COO-), 3.4-3.9 (m, -NCH2COO-, -NCH2CH2O-and -NCH2(CH2)2CH2OH), 4.0-4.5 (m, - : 24.8, 28.3, 31.0, 31.5, 31.8, 41.0, 41.7, 44.5, 49.3, 53.7, 53.9, 62.6, 65.8, 67.3, 69.2, 69.6, 113, 9, 127.7, 143.6, 156.4, 172.3. Measurement conditions: 1 H NMR, CDCl3, 500 MHz; 13 C NMR, CDCl3, 150 MHz. 
fig. S27
. Immuno-histochemical staining was used to assess the structure of the skin tissue, it showed that the tissues subjected to three times of injections of HPAE-4/COL7A1 polyplexes appeared normal in structure and human graft stratification. Involucrin staining (upper panel) was used to confirm the human epidermal tissue. Vimentin (lower panel) which is present in human fibroblasts and mesenchymal stem cells was used to identify human dermis.
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